Purpose The goals of this study are to analyze the clinical pregnancy rate as a function of the pre-intracytoplasmic sperm injection (ICSI) oocyte spindle angle and determine factors which can be associated with different spindle angles, if clinically relevant. Methods Fifty-eight patients, who underwent their first ICSI cycle from January to December 2013, were included. Eight hundred thirty oocytes were collected, and 648 were metaphase II (MII) on retrieval day. Spindles were characterized in terms of visibility and position in relation to the first polar body (PB). Oocytes were separated into four groups based on angle: (group 1, n = 297) 0°-29°; (group 2 n = 212) 30°-89°; (group 3, n = 72) ≥90°; and those with no visible spindle (group 4, n = 67). Results The rate of blastocyst development was associated with the spindle angle (p = 0.002). The rate of good quality blastocysts were as follows: group 1 (42%), group 2 (30%), group 3 (35%), and group 4 (19%) (p = 0.02). Pregnancy and live birth rates were also affected (p = 0.007 and p = 0.046, respectively). Antral follicle count (AFC) (p = 0.001), total FSH stimulating dose (p = 0.0001), and peak serum estradiol level (p = 0.0001) were associated with spindle angle grouping. Miscarriage rates trended different (p = 0.07). On the other hand, day 3 follicle-stimulating hormone (FSH) levels and female and male age were not associated with spindle angle grouping. Conclusions Embryos resulting from oocytes with pre-ICSI spindle angles between 0°and 29°were associated with better blastocyst, pregnancy, live birth, and miscarriage rates when compared to oocytes that had no visible spindle. Low ovarian reserve and excessive stimulation were also associated with lack of spindle and therefore lower pregnancy outcomes.
Introduction
The developmental potential of the oocyte is among the most important factors for the success of any assisted reproductive treatment. Therefore, numerous attempts have been made to identify prognostic factors based on morphological characteristics of the oocyte which may allow for the prediction of oocyte quality, fertilization rates, and embryo development [1] [2] [3] [4] . The predictive value of the criteria used in these studies is still controversial. The introduction of a novel polarized microscopy system coupled with image processing software has allowed the visualization of the meiotic spindle. This approach, using spindle imagining as a new marker of oocyte quality, has been proposed.
During the early transition phase from metaphase I to metaphase II, the spindle is a highly dynamic structure. Polarization light microscopy performed on oocytes in the process of leaving metaphase II, allows non-invasive visualization of the spindle due to its natural birefringent properties [5] . Rienzi et al. previously reported that oocytes with a deviation of the spindle location from the position of the PB of >90°demonstrated decreased fertilization rates [6] . Several studies have also reported on the importance of the presence of a spindle in human oocytes. In two studies, oocytes with a visible spindle showed significantly higher fertilization rates [7, 8] . However, another study did not find any significant difference in fertilization rates, when a spindle was present [9] . On the other hand, it was noted that the embryonic developmental on day 3 was superior, as was the embryo quality when a spindle was present as compared to when it lacked. A further two studies reported significantly higher blastocyst formation rate when the spindle could be visualized in the oocyte as compared to when it could not [7, 10] .
The majority of authors concur that the presence of the spindle in mature oocytes can predict the fertilization rates, cleavage rates, and future embryo quality. However, the relationship between the presence of the spindle and the pregnancy and implantation potential was assessed in few studies. The results of these studies have been contradictory. One of the studies reported a correlation between spindle presence and a higher pregnancy and implantation rate [11] . However, the two other studies did not find an association [12, 13] .
The goals of this study were to analyze the clinical pregnancy rate as a function of the pre-intracytoplasmic sperm injection (ICSI) oocyte spindle angle and determine factors which can be associated with different spindle angles, if clinically relevant.
Material and methods
This was a retrospective observational study evaluating the data from women who were submitted to ART in the university-based assisted reproductive center. A total of 58 patients who had at least one mature oocyte at retrieval time between January and December 2013 at MUHC Reproductive Center were included. Oocyte recipients, surrogacy, vitrifiedwarmed oocytes, preimplantation genetic diagnosis (PGD) cycles, and patients using donor sperm were excluded.
Ovarian stimulation was performed by combination of GnRH agonist or antagonist and follicle-stimualting hormone (FSH)/hMG as previously published [14] . HCG (human chorionic gonadotropin) was administrated when the leading follicle diameter was bigger than 17 mm. Transvaginal oocyte recovery was performed 35 h after HCG administration. Immediately following egg retrieval, oocytes were briefly washed in HEPES buffer (lifeglobal, Guilford, CT) then grouped in the same dish containing fertilization media (lifeglobal, Guilford, CT) and allowed to equilibrate for at least 1 h prior to denuding. All dishes were kept in incubators at 37°C with 6% CO 2 , 5% O 2 , and 89% N 2 .
One hour after egg retrieval, the cumulus corona complex was striped from the egg using enzyme and repetitive pipetting in approximately 100 μl of 80 IU/mL hyaluronidase (lifeglobal, Guilford, CT) followed by HEPES buffer.
Insemination was done by ICSI in all cases 1 h later. The mature eggs were selected for spindle observation using the PolScope spindle view system (LC-PolScope™) with computerized image analysis system (spindle view, Cri) to avoid damaging the spindle during the ICSI procedure.
Each oocyte was put into an individual droplet of 10 μl gamete buffer (Cook, Australia) and covered with mineral oil (Cook, Australia) in a glass bottom culture dish (Fluorodish, world precision instruments, USA). The drops were maintained at 37°C using heated stage set to 38.5°C. The oocytes were rotated with an injection pipette until the spindle position was visible. The oocytes were separated into groups according to the spindle position and their relationship to the first PB ( Fig. 1 Spindle angle position in relation to the first PB divided into four assigned groups). The assigned groups, depending on the angle position of the spindle, were as follows: group 1 0°-29°; group 2 30°-89°; group 3 ≥90°, and those with no visible spindle (group 4) [9, 10, 15] . After insemination, eggs were individually placed into 10 μl drops of culture media (lifeglobal, Guilford, CT).
Fertilization assessment was performed 16-18 h after insemination and a single-embryo transfer was performed, on day 5. On day 3, the embryos were moved to a new dish containing 20 μl drops of culture media (lifeglobal, Guilford, CT) and individually cultured until day 5 for blastocyst transfer. On day 5, blastocyst formation was assessed and graded based on the Gardner and Schoolcraft criteria which evaluated the level of expansion (graded 1 to 6) as well as inner cell mass (ICM) and trophectoderm cells (graded A to C). The embryos chosen for transfer were moved to a center 40 μl drop. Blastocyst utilization rate (BUR) was calculated by adding the number of good quality blastocysts for embryo transfer with those for cryopreservation on day 5 divided by the number of normally fertilized embryos. Blastocyst development potential and the clinical pregnancy rate were analyzed depending on the origin of a single-embryo transfer (SET) at the blastocyst stage.
Pregnancy was assessed 11 days after embryo transfer by analyzing β-HCG levels in the blood. Levels over 10 mIU/mL were considered positive and patients were subsequently evaluated for the presence of fetal heart motion at 6 to 8 weeks of pregnancy by ultrasound. The biochemical pregnancy rate was calculated by the β-HCG-positive pregnancies per embryo transfer. The clinical pregnancy rate was calculated by fetal heart positive pregnancies per embryo transfer. The live birth rate was calculated by birthing events and ongoing pregnancies over 24 weeks per embryo transfer.
Statistical analysis: Continuous data was determined for normalcy using the Kolmogorov-Smirnov test. All continuous data was normally distributed. ANOVA and post hoc testing were used to compare the baseline data. Chi-square tests were used to compare the baseline categorical data. Logistic regression analysis was used to control for confounding effects and compute the differences in clinical outcomes. Confounding effects controlled for were as follows: female age, male age, antral follicle count (AFC), basal serum FSH levels, total dose of stimulating gonadotropin, and stimulated maximum estradiol level. Logistic regression was also performed to determine predictors of spindle abnormalities. p values ≤0.05 were considered statistically significant. The study was approved by the human subjects committee.
Results
A total of 830 eggs were collected from the 58 subjects and the characteristics of these oocytes are summarized in Table 1 . From the total number of eggs collected, 648 were metaphase II on the retrieval day of which 581 (89%) had visible spindles. These were separated into groups depending on the angle position: (group 1, n = 297) 0°-29°; (group 2, n = 212) 30°-89°; (group3, n = 72) ≥90°and those with no visible spindle (group 4, n = 67).
Similar to other studies, there was no significant difference in fertilization (p = 0.21) and cleavage rates among the groups (p = 0.75) [8, 9, 15] . It should be noted that the blastocyst formation rate in group 1 (0°-29°) was significantly higher than the other groups (p < 0.001) when controlling for confounding effects. The rate of blastocyst development was associated with the spindle angle (p = 0.002). The rates of good quality blastocysts were as follows: group 1 42%, group 2 30%, group 3 35%, and group 4 19% (p = 0.02) (Fig. 2 Percent of embryo development based on spindle angle groups). Pregnancy (p = 0.007) and live birth (p = 0.046) rates were also affected by the spindle angle grouping (Fig. 3 Percent of pregnancy outcome based on spindle angle groups). It is obvious from these results that outcomes were lower when the spindle was not detected with the PolScope. Therefore, a logistic regression analysis was undertaken to determine which factors predicted the lack of spindle angle being detected. When evaluating for factors which predicted spindle angle being present or not: AFC (p = 0.005) (CI 1.02-1.09), total FSH stimulating dose (p = 0.05) (CI 1.03-1.15) and peak serum estradiol level (p = 0.001) (CI 1.10-1.19) were associated with spindle angle detection. On the other hand, female age (p = 0.86) (CI 0.93-1.10), male age (p = 0.90) (CI 0.96-1.04), day 3 FSH levels (p = 0.87) (CI 0.90-1.13) were not associated with spindle angle grouping. No other variables were used in this analysis. Plot analysis revealed that inclusion in group 4 was more common among lower AFC subjects than groups 1 to 3 (Fig. 4 Basal antral follicle count based on spindle angle groups), as was use of higher FSH doses (Fig. 5 Total gonadotropin dose based on spindle angle groups), and higher peak stimulated estradiol (Fig. 6 Peak stimulated serum estradiol based on spindle angle groups).
Discussion
Better pregnancy rates were observed in the cycles where the embryo had been derived from group 1 (0°-29°) spindle angle. Additionally, not having a detectable spindle was associated with worse outcomes than all other groups. So far, all studies published had evaluated the clinical relevance of using polarization microscope to select the oocytes by comparing the results of oocytes with identifiable or not unidentified meiotic spindles. The percentage of in vivo matured human oocytes with visible spindles is reported to range from 63% [11] to 91% [6] . It was previously suggested that these differences may be explained by variation in the patient population, ovarian stimulation protocols, or different culture environments. Our data suggests that lower ovarian reserve as measured by AFC predicted the lack of spindle being predicted. Interestingly, excessive ovarian stimulation also seems to favor a compromised oocyte due to the lack of spindle development. Both increased FSH dose and higher serum peak estradiol levels were associated with the lack of spindle detection with the PolScope. Although, increased FSH stimulation Several investigators have reported that the meiotic spindle is a dynamic structure and that various environm e n t a l c o n d i t i o n s c a n p r o d u c e t e m p o r a r y depolymerisation without the occurrence of a real impairment of oocyte quality [16] [17] [18] . This depolymerisation may be caused by changes in culture conditions such as temperature and pH. However, under these conditions, the lack of meiotic spindle does not prevent the occurrence of adequate fertilization and development. Some papers published have demonstrated that oocytes with the presence of detectible meiotic spindles have higher fertilization rates, a higher proportion of blastocyst formation, and a better implantation and pregnancy rates. On the other hand, some studies did not observe any significant difference in fertilization, pregnancy, and implantation rates based on the presence of a spindle [9, 19] . Once a meiotic spindle is identified, its position can easily be analyzed. The position of meiotic spindle in relation with the PB was also thought to be important due to the capability to damage the meiotic spindle during ICSI causing potential degeneration of the oocyte [20] . Additionally, the misalignment between the meiotic spindle and first PB increase the risk of abnormal fertilization [6] . Other studies have correlated the position of the meiotic spindle close to the PB with better fertilization rate and cleavage rate and embryo morphology in the early stages of development [19, 21] . In this study, we found that oocytes without detectible meiotic spindles had compromised outcomes. Unlike previous studies which hypothesized that laboratory factors may transiently affect spindle depolarization, this study demonstrated clinical relevant patient parameters which seemed to play a role. The lack of spindle detection was also found to be clinically important.
Conclusion
The oocytes in which the birefringent spindle can be visualized have a higher embryonic developmental competence than the oocyte without any meiotic spindle. Embryos resulting from oocytes with pre-ICSI spindle angles between 0°and 29°were associated with better blastocyst, pregnancy, live birth rate, and miscarriage rates when compared to oocytes that did not have a visible spindle. Low ovarian reserve and excessive stimulation were also associated with lack of spindle and therefore lower pregnancy outcomes. Meiotic spindle of oocytes located between 0°and 29°, in relation to the first PB, is a positive predictor for blastocyst development.
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